INTRODUCTION
An efficient weed control is required for the establishment of successful forestr y areas. Among different methods of eucalypt weed control, the chemical control is most common. Currently, glyphosate is the most used herbicide worldwide, providing control of many weed species (Steinmann et al. 2012 , Ber vald et al. 2010 . Glyphosate accidental drift have promoted many discussions. Some studies indicate positive effects of subdoses or hormesis (Duke et al. 2006 , Cedergreen & Olesen 2010 , Pereira et al. 2013 . Other studies indicate negative aspects related to direct or indirect effects of the shikimic acid pathway, which is inhibited by glyphosate, even at subdoses in some cases. Herbicides drift effects are directly linked to the species, plant age, specific weather conditions and the amount of herbicide absorbed.
Considering the above, glyphosate is directly involved with wood growth regulation. However, perennial plants such as eucalypt remain in the field for many years, and have a great recovery Agriculture, Jaboticabal/SP, 14884-900, Brazil. *fernandamastrotti@hotmail.com Submitted February 2016; accepted October 2016 This paper aimed to understand glyphosate behavior on Eucalyptus urograndis plants with different ages in the field. Understanding these effects is essential to improve weed management and plant protection in eucalypt, since glyphosate spraying is the cheapest, fastest, most efficient and most used weed control method. Glyphosate was sprayed at 1, 3, 5, 7 and 9 months after planting using 0, 36, 72, 144, 288 and 432 g acid equivalent (ae) of glyphosate ha -1
EFFECTS OF GLYPHOSATE ON GROWTH, YIELD AND WOOD QUALITY OF EUCALYPTUS UROGRANDIS
. One month after planting, glyphosate doses up to 72 g ae ha -1 caused irreversible damage. Plants sprayed with glyphosate 5, 7 and 9 months after planting showed high recovery capacity. Accidental drift of glyphosate up to nine months after planting did not reduce the eucalypt growth parameters and wood volume. Only plants sprayed with higher doses (much larger than an accidental drift) showed reductions in wood volume. Thus, a dosage of almost twice more glyphosate is needed to cause reductions in the wood volume of older plants. However, trees sprayed at nine months after planting showed no reductions in productivity, even when sprayed with the higher dose of glyphosate. The spraying of glyphosate five months after planting did not affect the lignin content, holocellulose or basic density of the wood.
Keywords: Drift, herbicide, holocellulose, lignin, wood basic density, wood volume potential. Most studies have evaluated glyphosate effects for short periods, rarely exceeding few months, and usually spraying on the top of young seedlings which are notoriously susceptible to glyphosate drift. Glyphosate effects in plants with different ages in the field, assessed for months or years on its effect on wood productivity and quality, are scarce. However, such knowledge is essential for eucalypt which receives glyphosate as weed control at least once a year, and remaining in the field for long years with a harvest presenting 'good wood quality' to comply with the pulp and paper market requirements (i.e. basic density, wood volume, holocellulose and lignin contents). In this study, the hypothesis that eucalypt plants can have different effects according to plant age and glyphosate dose sprayed, was tested. The aim of the study was to understand the effects of glyphosate, sprayed on Eucalyptus urograndis under field conditions, and in plants with different ages as well as its long-term behavior on plant growth, yield and wood quality, five years after planting. 
MATERIALS AND METHODS

Experimental site
Experimental design and spraying conditions
Experimental design was arranged in a stripplot design with a number of application, i.e. glyphosate was sprayed 1, 3, 5, 7 and 9 MAP at doses 0, 36, 72, 144, 288 
Parameters evaluated
In the first 4 seasons (glyphosate sprayed at 1, 3, 5 and 7 MAP) height, stem diameter and leaf dry mass were evaluated at 60 and 120 days after glyphosate spraying (DAS), except in season 4 where evaluations were performed at 60 DAS due to difficulty in transporting and storing eucalypt trees that had a high green mass. For these same reason, the assessments were not performed in season 5 (glyphosate sprayed 9 MAP). At 10, 13, 26, 48 and 62 MAP, the height and diameter at breast height (DAB) were evaluated. With these data, wood volume was calculated: ) according to standard ABNT NBR 11941-02 (ABNT 2003) were analysed in plants where glyphosate was sprayed 5 MAP (season 3). As a control, six samples were taken from plants free of glyphosate spraying and the same contents described above were obtained.
Statistical analysis
Wood volume data was subjected to a Boltzmann sigmoidal regression analysis (y = [(A1-A2)/1+e (x-x0) ]), using the MicroCal Origin v. 6.0 software, considering a model with time and dose effects. Total extractives, total lignin content, holocellulose and basic density of wood means were compared using the mean standard error.
RESULTS
Season 1-Glyphosate spraying one month after planting
At two months after spraying (MAS) of season 1, doses above 36 g ae ha -1 were sufficient to cause a small decrease in stem and leaf dry mass. However, visual damages were only observed for doses above 72 g ae ha -1 (Figure 1 ) ( Table 1) .
After glyphosate spraying at 288 g ae ha -1
, plant growth was nearly stagnant until 4 MAS. At dose 432 g ae ha -1 (higher dose) there was drying and plant death. At 4 MAS, plant that received 36 g ae ha -1 exhibited normal growth, and it was no longer possible to discern this treatment from control when analysing stem and leaf dry mass (Figure 1 ). At 9, 12 and 25 MAS no effects were observed at 36, 72 and 144 g ae ha -1 in wood volume. The result showed the capacity of recovery of eucalypt plants. However doses above 144 g ae ha -1 of glyphosate caused reductions in wood volume (Figure 2 ). were necessary, indicating a lower sensitivity of plants to glyphosate when compared to season 1 (Figure 3 ). Between seasons 1 and 2, there was an increase of 30.8 times in stem dry mass and 23.7 times in the leaf dry mass. Thus, the 'dilution effect' should be considered, once the leaf and stem dry mass showed a large increase. In season 2, 432 g ae ha -1 caused symptoms of phytointoxication. However, the dose was not enough to cause plant death (which was observed in season 1). Even with high toxicity at 4 MAS, stem and leaf dry mass increased by 632.9 and 270.9%, respectively (control plant growth increased 2165.5 and 741.6%). For productivity at 7 MAS (Figure 4) , doses above 220 g ae ha -1 were necessary to initiate wood volume reduction. Thus, almost twice more glyphosate was necessary to begin reduction in the wood volume of eucalypt at 10 MAS (season 2) (Figure 4a ). From 23 to 59 MAS, only doses above 300 g ae ha -1 of glyphosate caused decrease in wood volume. It is well above the dosage that is considered accidental drift (10% of the recommended dose applied).
Season 3 -Glyphosate spraying five months after planting
Reductions caused by glyphosate in season 3 were less severe than seasons 1 and 2. The results were related to the 'dilution effect', within the dr y and cold months in which glyphosate was applied. Once again, doses greater than 144 g ae ha -1 were required to decrease dr y mass accumulation, 2 MAS. At 4 MAS, plants that received doses equal to or greater than 144 g ae glyphosate ha -1 showed recover y ( Figure 5) .
Results of wood volume indicated that 5 MAS doses above 250 g ae ha -1 were necessary to decrease the productivity. After 5 MAS, wood volume at the upper asymptote of sigmoidal regression (maximum yield) was 30 m 3 ha -1 , while at the lower asymptote (minimum yield) was 22 m 3 ha -1 (Figure 6 ). At 57 MAS, differences between highest and lowest production as a function of glyphosate doses was 163.8 m³ ha The maximum yield was 483.2 m³ ha -1 while the minimum yield was 319.4 m³ ha -1 , indicating that even with higher doses of glyphosate eucalyptus plants could partially recover (Figure 6 ).
Season 4 -Glyphosate spraying seven months after planting
At 2 MAS, doses greater than 144 g ae ha -1 were sufficient to decrease stem and leaf dry masses (Figure 7) . In season 4, doses from 144 g ae ha -1 were sufficient to decrease wood volume at 3 MAS. At 6 and 19 MAS, only doses greater than 200 g ae ha -1 decreased productivity. However, at 41 and 55 MAS, even doses greater than 350 g ae ha -1 maintained productivity levels, lower than expected (Figure 8 ).
Season 5 -glyphosate spraying nine months after planting
In contrast to previous seasons, in season 5 wood volume reductions were not observed (Figure 9) . It was very likely that glyphosate dilution effect on eucalyptus plants was the main cause of the lack of response. Total extractive content, total lignin content, holocellulose and wood basic density of eucalyptus submitted to glyphosate doses sprayed at 150 days after planting (season 3)
Representing less than 5% of total sample, the extractive content exhibited great variation (Figure 10a ). In the free-spraying control, extractive content was 3.5% greater than the historical average values (2.4% in horizontal line). Plants sprayed with glyphosate presented values between 1.4 and 2.3%. Wood density (Figure 10b ), total lignin content and holocellulose ( Figure 11) 
DISCUSSION
Glyphosate effects in eucalypt seedlings (1 to 3 months after planting) are well known in literature and can compromise productivity and wood quality (Tuffi Santos et al. 2005) . However, when glyphosate is accidentally sprayed in older plants (3 or more MAP) the effects of glyphosate were less severe. Eucalyptus urophylla plants exposed to glyphosate drift (1080 g ae ha -1 ) in different canopy portions (0, 25, 50, 75 and 100% of low branches) in four areas, showed reduction in plant growth, height, medium annual increment and wood volume, especially in areas with shorter trees. But in areas with taller trees no changes were found (Santos Junior et al. 2015) . Possibly, a large volume of leaves promoted a 'dilution effect'. In addition to a higher leaf area retaining the herbicide, other factors negatively influenced the glyphosate penetration. Herbicide foliar absorption is directly related to the structures found in leaves and the permeability of cuticle (Baker 1982) . Leaf hydration is very important to glyphosate absorption, and hydrated cuticles are more permeable. In this experiment, some glyphosate sprayings were held in dr y months, or after dr y seasons, which possibly resulted in leaf morphological alterations, and consequently glyphosate penetration and action.
In young leaves, the metabolic activity and nutrient consumption are high, resulting in leaves more predisposed to input compounds. Thinner cuticle, smaller amount of waxes and cutin, and a larger amount of pectin, which is more hydrophilic, can also facilitate the absorption (Schreiber 2005 of recovery, only plants sprayed with higher doses (much larger than an accidental drift) showed reductions in wood volume. For cel lu los e product ion, ext r act ive compounds are undesirable because they reduce productivity. However, significant changes in extractive content, total lignin content and holocellulose were not found in plants sprayed 5 MAP. Lignin production is controlled by phenylalanine, thus, the pathway can be highly affected by glyphosate. Modified soybean plants In general, plants sprayed with glyphosate 5, 7 and 9 MAP showed high recovery capacity. This information, first for eucalypt, was found in other perennials, such as citrus. Glyphosate effects at 0, 180, 360 and 720 g ae ha −1 in Citrus limonia seedlings under controlled conditions, showed that the metabolism of plants was affected until eight DAS and only transitory effects were observed (Gravena et al. 2009 ). From 6-12 months after treatment, plants were completely recovered. Due to the great capacity treated with glyphosate have been shown to produce less lignin when compared to nontreated plants (Zobiole et al. 2010) .
In this study, no differences were found. Information about glyphosate effects in lignin and holocellulose contents in plants are scarce. Studies of glyphosate effects on perennial crops, such as eucalypt, should not be restricted to short-term effects. Environment, weather, soil fertility, crop management, planting season, population density, species, clones and others can substantially modify the results over time.
CONCLUSIONS
Plants sprayed with glyphosate 5, 7 and 9 months after planting showed high recovery capacity. Accidental drift of glyphosate up to nine months after planting did not reduce the eucalypt growth parameters and wood volume. A dosage of almost twice more glyphosate is needed to cause reductions in the wood volume of older plants. However, trees sprayed at nine months after planting showed no reductions in productivity, even when sprayed with the higher dose of glyphosate. The spraying of glyphosate five months after planting did not affect the lignin content, holocellulose or basic density of the wood.
